The oxidative removal of Cu from carbon-saturated iron via the Ag phase into B 2 O 3 flux was attempted at 1523 K. The Cu content was reduced from 4 to below 0.2 mass%, and Cu in the molten iron could be removed into the 
economically viable. We have proposed and attempted the oxidative removal of Cu [9] and Sn [10] from Fe-C(satd.) via Ag, and the Cu and Sn contents of the Fe-C(satd.) have been decreased to 0.4 mass% and below 0.001 mass%, respectively. The lower limit of Cu in the Fe-C(satd.) can be decreased by absorbing the Cu oxide into the flux. Therefore, it is important to find the flux which has higher absorption ability of the Cu oxide. Accordingly, in this work, the activity coefficient of Cu 2 O in the B 2 O 3 flux is measured. In addition, the oxidative removal of Cu from the Fe-C(satd.) via the Ag phase into the B 2 O 3 flux is performed at 1523 K.
Principle of the oxidative removal of Cu from molten iron via Ag into the B 2 O 3 flux
It is impossible to remove Cu in molten iron by the oxidative refining because the molten iron is oxidized in preference to Cu, in principle. Accordingly, in this work, Ag is used as a solvent for Cu because Ag and Fe are immiscible and Cu is oxidized in preference to Ag. A schematic diagram of the oxidative removal of Cu from iron via Ag phase is shown in Fig. 1 . The distribution of Cu between Fe-C(satd.) and Ag is expressed as shown in Eq. (1):
The oxidation reaction of Cu in the Ag is expressed as shown in Eq. (2):
By combining Eqs (1) and (2) and i a are the mole fraction of i in j, the equilibrium constant of Eq. (3) (= 9.71×10 -3 ) [11] , the activity coefficient of i in j at infinite dilution in the pure substance reference, the partial pressure of oxygen and the activity of i relative to the pure substance, respectively. Morinaga et al. [12] regarded the basicity of slag as the quantity which was proportional to the reciprocal of the coulomb force between cation and oxide ion and proposed the basicity parameter, Table 1 . In Table 1 Fe(-C)) ).
Experimental
The experimental apparatus consisted of a mullite tube (70 mm outer diameter, 60 mm inner diameter, 1000 mm length) and a vertical MoSi 2 electric resistance furnace connected to a proportional integral derivative action controller with a Pt-6%Rh/Pt-30%Rh thermocouple.
Measurement of the activity coefficient of Cu 2 O in the B 2 O 3 flux
The experimental conditions are shown in Table 2 oxygen gas (15 cm 3 /min (s.t.p.)) was blown into the Ag from the alumina tube (3 mm outer diameter, 2 mm inner diameter) for 0.5 h. In Runs 12-17, oxygen gas (150 cm 3 /min (s.t.p.)) was blown onto the Ag from the alumina tube which was set approximately 40 mm above the metal surface. For Runs 9-13, the samples were pre-melted at 1373 K under an argon atmosphere (100 cm 3 /min (s.t.p.)) for 0.5 h to melt the Ag-Cu alloy, and the furnace was heated to 1523 K and was held for 0.5 h to distribute Cu between the Ag and Fe-C(satd.). Thereafter, oxygen gas was blown onto the flux. After the experiments, the alumina crucible was withdrawn from the furnace, and the sample was quenched rapidly under argon. The Cu content of the Ag, the Cu and Ag contents of the Fe-C(satd.) and the Cu, Ag, Al and B contents of the flux were analyzed by ICP-AES. The powder X-ray diffraction spectrum analysis of the oxides which were formed at the path in Run 9 was performed. The Ag both in-and out-side the alumina tube was chemically analyzed separately. In this work, the C content of the Fe-C (satd.) was approximately 4.5 mass% [9] . 
Results

Measurement of the activity coefficient of Cu 2 O in the B 2 O 3 flux
The experimental results are shown in 
In our previous work, the Cu content of the Ag was approximately 1.5 mass%, which was measured without oxide flux in an oxygen atmosphere (1 atm) at 1523 K [9] . In contrast with the previous work, the Cu content of the Ag of this work (Runs 1-8) is below 1.5 mass%, which shows that the B 2 O 3 flux has an absorption capacity for Cu 2 O. The variation of the Cu content of the Ag with time is shown in Fig. 4 for the experiments performed in an oxygen atmosphere (1 atm) and for the same initial mass ratio of B 2 O 3 against Cu (approximately 2). As shown in Fig. 4 , the Cu content of the Ag already reaches a constant value after 1 h. Therefore, the equilibration time is judged to be less than 1 h, but the other experiments were performed for longer than 6 h to give sufficient time for equilibration. For Runs 1-7, the dependences of the Cu contents of the Ag and flux on 
Oxidative removal of Cu from carbon-saturated iron via Ag into B 2 O 3 flux
The experimental results are shown in Table 5 . The Cu content of the Ag and Fe-C(satd.) before oxidation is calculated from the initial mass of Fe, Ag and Cu and L Cu(Ag-Fe) (=7.15) [9] and is also shown in Table 5 . In Runs 9 and 11, the Cu contents of the Fe-C(satd.) and Ag are confirmed to be decreased from those before oxidation. In Run 10, the molten iron moves outside of the alumina tube, and iron oxide is formed. In the experiments performed with Intensity /a.u.
(degree) 2θ On the other hand, the oxidation of Ag is expressed as follows [11] .
Because pure Ag 2 O is decomposed entirely at 1523 K, the standard of activity is selected as solid Ag 2 O as was used by Wakasugi et al [15] . 
Behavior of solute elements in the oxidative removal of Cu from carbon-saturated iron via Ag phase into B 2 O 3 flux
In Run 9, the Ag phase is separated at the path by FeAl 2 O 4 , which is formed by the reaction of Fe and O in the Ag phase with the alumina. In Run 10, the experiment, of which the apparatus is shown in Fig. 3 (b) , is performed on condition that the path is widened sufficiently. As a result, molten iron is pushed from the inside to the exterior of the alumina tube. This is because the dissolved oxygen reaches the Fe-Ag interface, and the inner pressure of the alumina tube rises because of the CO gas generation. In Run 9, the molten iron is not pushed out of the tube because the transfer of oxygen inside the alumina tube is prevented. In a similar way, the distribution ratio of Cu between Fe-C(satd.) and Ag inside the alumina tube is equal to the equilibrium value (=7.15) [9] because transfer of the Cu is also prevented.
Therefore, control of the oxygen supply is important.
On the other hand, the B 2 O 3 flux is expected to control the amount of oxygen transported in Runs 12 and 13.
However, oxidation of the Cu in the Ag phase does not occur because the dissolution rate of oxygen into the flux is low.
On the other hand, the Cu is absorbed into the flux in the experiments using the B 2 O 3 -Al 2 O 3 -Ag 2 O flux whose oxygen potential is high (Runs 14-17).
The cross sectional area at the path of Runs 16 and 17 is larger than that of Runs 14 and 15. As a result, the Cu and (2) At 0 mm, the mole fraction of O is fixed to be zero because the oxygen that reaches the Fe-Ag interface reacts with carbon in the Fe-C(satd.) and forms CO gas.
(3) At 20 mm, the mole fraction of Cu is fixed to be 0.0252 (1.5 mass%). This value is determined from our previous work performed without oxide flux at a partial oxygen pressure of 1 atm [9] . The mole fraction of the Fe is fixed to be zero because the transported Fe is fully oxidized. is taken into account and the lowering limit of Cu is decreased by using flux at 1523 K.
Conclusion
In order to remove Cu in molten iron, the oxidative removal of Cu from the Fe-C(satd. (3) From a numerical calculation, it is found to be effective to use the oxide flux in order to decrease the lower limit of Cu, to ensure the driving force of Cu transfer and to enhance the continuous Cu removal.
